Concerns have been raised regarding an increased risk of major adverse cardiovascular events (MACEs) (myocardial infarction, cerebrovascular accident or cardiovascular death) in patients treated with anti-interleukin (IL)-12/23 agents for moderateto-severe psoriasis. We aimed to examine the risk of MACEs in adult patients with plaque psoriasis that are exposed to biologic therapies via a meta-analysis of randomized controlled trials (RCTs). Data were obtained from systematic searches in the Cochrane Library, MEDLINE and Embase, U.S. Food and Drug Administration, European Medicines Agency, individual pharmaceutical companies online search platforms and five trials registers (up to 31 March 2016). We selected RCTs reporting adverse events in adults with plaque psoriasis receiving at least one licensed dose of biologic therapy, conventional systematic therapy or placebo. We calculated Peto odds ratios (ORs) with 95% confidence intervals (CIs) and calculated I 2 statistics to assess heterogeneity. Overall, 38 RCTs involving 18 024 patients were included. No MACEs were observed in 29 studies, while nine RCTs reported 10 patients experiencing MACEs. There was no statistically significant difference in risk of MACEs associated with the use of biologic therapies overall (OR 1Á45, 95% CI 0Á34-6Á24); tumour necrosis factor-a inhibitors (adalimumab, etanercept and infliximab) (OR 0Á67, 95% CI 0Á10-4Á63); anti-IL-17A agents (secukinumab and ixekizumab) (OR 1Á00, 95% CI 0Á09-11Á09) or ustekinumab (OR 4Á48, 95% CI 0Á24-84Á77). No heterogeneity was observed in these comparisons. In conclusion, the limited existing evidence suggests that licensed biologic therapies are not associated with MACEs during the short randomized controlled periods in clinical trials.
Several observational studies have suggested that patients with severe psoriasis and psoriatic arthritis (PsA) have a higher risk of cardiovascular events such as myocardial infarction (MI), stroke and cardiovascular death. [1] [2] [3] [4] It is debated whether this represents a causal association or a predisposition due to the underlying risk factors exhibited by patients with severe psoriasis, [5] [6] [7] but there is a hypothesis postulating that the inflammatory cascade activated in patients with severe psoriasis may contribute to the development of atherosclerosis. Thus, medications for psoriasis such as biologic therapies, which have anti-inflammatory effects, could theoretically improve atherosclerosis and therefore modulate the risk of development of cardiovascular disease. [8] [9] [10] [11] [12] Biologic therapies for the treatment of moderate-severe plaque psoriasis include tumour necrosis factor-a inhibitors (TNFi), such as infliximab, etanercept and adalimumab; an inhibitor of the p40 subunit common to interleukin (IL)12 and IL23, ustekinumab; and inhibitors of IL-17A, secukinumab and ixekizumab. It is currently unclear whether any of these therapies could alter the risk of development of cardiovascular disease. However, a number of major adverse cardiovascular events (MACEs) (MI, cerebrovascular accident or cardiovascular death) were observed in psoriasis patients receiving briakinumab, another IL-12/23 inhibitor, in randomized controlled trials (RCTs), and this has raised concern regarding whether IL-12/23 inhibitors could be associated with an increased risk of cardiovascular disease. 13, 14 This directly led to the discontinuation of the development programme of briakinumab. 15 Despite the approval and licensing of several biologic therapies for the treatment of psoriasis by the U.S. Food and Drug Administration (FDA) and the European Medicines Agency (EMA) in the last decade, the cardiovascular safety profile of these medicines is not well established. The aim of this systematic review of RCTs was to examine whether or not there is any association between currently licensed biologic therapies and risk of MACEs in adult patients with plaque psoriasis.
Methods
A systematic review and meta-analysis was conducted and reported in line with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement. 16 
Eligibility criteria
We included RCTs that reported adverse events (AEs) in adult patients with plaque psoriasis receiving at least one licensed dose of biologic therapy compared with conventional systematic therapy or placebo/no treatment during the randomized controlled phase. The doses of biologic therapies and conventional systemic therapies assigned had to be approved by the U.S. FDA, the EMA or any European country. For extension RCTs in which treatment assignments were switched (for instance, patients who were initially treated with placebo switched to a biologic therapy), only MACEs before that point were documented. For multiple reports on the same RCT, all data were collated and aligned to a single RCT. If MACEs were reported at multiple follow-up points, data from the longest randomized follow-up were selected provided there was a continuation of the control arm. The overall number of MACEs during the randomized controlled phase in the treatment and control groups of the individual RCTs was extracted for patients who received at least one dose of study agent or placebo or did not receive any treatment.
The Cochrane quality assessment tool for RCTs 18 was used for assessing risk of bias. Eight domains including sequence generation, allocation concealment, blinding of participants, personnel and outcome assessors, incomplete outcome data (defined as missing outcome data owing to patients dropping out during the study period or excluded from the analysis), selective outcome reporting, adjudication of MACEs and baseline imbalance were considered.
Data analysis
Extracted data were combined for the meta-analysis using Review Manager (RevMan) 5Á3 (The Nordic Cochrane Centre, The Cochrane Collaboration, Copenhagen, Denmark). Peto odd ratios (ORs) were calculated as an effect measure to quantify the risk of MACEs in patients receiving biologic therapies compared with placebo/no treatment or the same biologic with different dosing. The Peto OR has been reported to perform better than other meta-analytical methods for rare event rates (lower than 1%). 19 There were six main comparisons, which included: In the first four comparisons, all licensed doses of biologic therapies were considered. A sensitivity analysis was also undertaken using the Mantel-Haenszel risk difference (RD) to explore whether analysis methods had influence on the results of the comparisons. This method (unlike the Peto OR) does not exclude RCTs without MACEs in both comparison groups. 19 Heterogeneity between studies was assessed using the v 2 -test (P < 0Á05 was considered statistically significant) and I 2 statistics (significant heterogeneity, I 2 > 50%; insignificant heterogeneity, I 2 < 40%). Funnel plot analysis was used for detection of potential publication bias.
Results

Study selection
In all, 38 RCTs (identified in 38 reports) met the eligibility criteria and were included, as shown in Figure 1 . These trials involved a total of 18 024 patients with plaque psoriasis. The 38 RCTs were conducted across a range of 1-231 (median 47) study sites. Thirty-five RCTs (92Á1%) were double-blind studies. The length of the randomized controlled phase ranged from 10 to 30 (median 12) weeks. The included studies involved from 20 to 1303 patients with plaque psoriasis, with the percentage of male patients ranging from 53% to 90%, the percentage with PsA from 3% to 37%, mean age range 39Á2-55Á7 years, mean duration of psoriasis range 11Á9-21Á5 years, mean PASI range 11Á5-30Á3 (Table S1; 41 no patients in these studies experienced a MACE ( Table 1) . The overall MACE rates were 0Á06% (n = 8) for any biologic therapies (total patients 12 596), 0Á05% (n = 3) for TNFi (total patients 6216), 0Á09% (n = 3) for anti-IL-17A agents (secukinumab and ixekizumab) (total patients 3514), 0Á07% (n = 2) for ustekinumab (total patients 2866), 0Á04% (n = 2) for placebo (total patients 5092) and 0% (n = 0) for MTX (total patients 336 not experience MACEs while exposed to any interventions but 10 MACEs were observed during the randomized controlled phase of nine studies. 23, 26, 32, 33, 42, 44, 49, 51 Overall, the pooled analysis of these nine trials found that there was no statistically significant difference in the risk of MACEs when comparing biologic therapies with placebo (pooled OR 1Á45, 95% CI 0Á34-6Á24, P = 0Á62), as shown in Figure 2a . We found very low levels of heterogeneity between the included RCTs (v 2 = 7Á58; degrees of freedom = 7; P = 0Á37; I 2 = 8%).
Considered separately, there was also no statistically significant difference for patients receiving TNFi (adalimumab, etanercept and infliximab) anti-IL-17A agents (secukinumab and ixekizumab), or ustekinumab. The corresponding pooled ORs were 0Á67, 95% CI 0Á10-4Á63, P = 0Á69 for TNFi (Fig. 2b) ; 1Á00, 95% CI 0Á09-11Á09, P = 1Á00 for anti-IL-17A agents (Fig. 2c) ; and 4Á48, 95% CI 0Á24-84Á77, P = 0Á32 for ustekinumab (Fig. 2d) . Comparing ustekinumab 45 mg against 90 mg and secukinumab 150 mg against 300 mg, the ORs suggest there were no statistically significant differences in the risk of MACEs (OR 1Á00, 95% CI 0Á06-16Á03, P = 1Á00 in four ustekinumab trials and OR 0Á13, 95% CI 0Á01-1Á30, P = 0Á08 in five secukinumab trials). The sensitivity analyses using the Mantel-Haenszel risk difference found similar results for all comparisons ( Fig. S1 ; see Supporting Information).
Risk of bias assessment
Our risk of bias assessment found that 28 RCTs (74%; low risk of bias) adequately reported generation of the random sequence, 27 RCTs (71%) adequately concealed allocation; 22 RCTs (58%) and 21 RCTs (55%) blinded patients and personnel, and outcome assessors, respectively. Incomplete outcome data were well (Table S2 ; see Supporting Information). Funnel plot analysis using the Peto method was used for assessing potential publication bias; visual inspection of the funnel plot for the outcomes in TNFi studies showed no evidence of publication bias. For the Mantel-Haenszel fixed-effect method, funnel plot analysis also showed no evidence of publication bias in all comparisons.
Discussion
In this meta-analysis of RCTs, we found that there was no statistically significant difference in the risk of MACEs in patients with plaque psoriasis exposed to biologic therapies (adalimumab, etanercept, infliximab, ustekinumab, secukinumab and ixekizumab) used at the licensed doses compared with placebo. Moreover, no difference in risk was also found for comparisons between different licensed doses of ustekinumab (45 mg vs. 90 mg) or secukinumab (150 mg vs. 300 mg).
Two earlier meta-analyses of RCTs have examined the risk of MACEs and biologic therapies for the treatment of psoriasis. The first included 22 trials and reported that TNFi (adalimumab, etanercept and infliximab) and anti-IL-12/23 agents (ustekinumab and briakinumab) were not associated with an increased risk of MACEs. 58 This meta-analysis used a MantelHaenszel fixed effect model to examine absolute risk difference, which is generally considered a less appropriate method for detecting rare events (lower than 1%). 19 The second metaanalysis included nine trials to examine the association between MACEs and anti-IL-12/23 agents (ustekinumab and briakinumab). 59 The results of this analysis suggested that anti-IL-12/23 agents were significantly associated with an increased risk of MACEs. In our meta-analysis, we did not include briakinumab as this has not been licensed for use by the regulatory agencies. However, we did include newer licensed biologic therapies (secukinumab and ixekizumab) in our analysis. One important limitation of the earlier metaanalyses is that they included patients treated with both nonlicensed and licensed doses of biologic therapies, while our meta-analysis has focused only on those patients receiving biologic therapies at licensed dose regimens. Nonetheless, we were faced with several important limitations that should be considered when interpreting the findings of our meta-analysis. Firstly, the primary aim of all the included trials was to examine efficacy and only 10 trials explicitly provided a definition of MACEs and established a committee for adjudicating suspected cases. Most of the included trials had a relatively small sample size and a short duration of the randomized controlled phase of treatment (ranging from 10 to 30 weeks). These factors would impact on the power of the included studies to detect a change in risk of MACEs and this uncertainty was reflected by the wide CIs surrounding some of our risk estimates. For instance, ustekinumab has been suggested to increase the risk of MACEs during the initial stage of therapy because of temporary increases in inflammatory mediators. 60 A phase 2 study
showed that serum levels of IL-12/23 p40, which is proatherogenic, in patients receiving ustekinumab dramatically increased at week 12 and decreased to a little above baseline
Continued levels by week 32. 61 Thus, assessment of the potential association requires continued surveillance of emerging trial data. In cardiovascular research, it is also well established to use composite outcomes including MACE to detect rare events; this will increase the power to detect clinically important differences in event rates. 62 Ideally, the recent calls to facilitate the sharing of clinical trial data will also provide new opportunities to examine individual patient-level data from RCTs thereby enabling more robust time-to-event meta-analysis to be performed. 63 The majority of the included studies were phase 3 trials, which tend to enrol patients with fewer comorbidities than those seen in routine clinical practice and also exclude elderly patients, who are at increased risk of MACEs. Thus, the background risk for both the exposed and nonexposed groups is likely to be lower, which may limit the generalizability of the findings.
Two cohort studies have recently reported that biologic therapies were not associated with the risk of MACEs in patients with psoriasis. 64, 65 The first study, using a Danish nationwide cohort, analysed the association with biologic therapies; the results suggested that TNFi were associated with a significantly decreased risk of MACEs but there was no difference in risk associated with ustekinumab. This study did not examine the TNFi separately, which is likely to be due to the relatively small numbers of patients receiving TNFi (n = 959) and ustekinumab (n = 178). In addition, the study did not adjust for important confounders such as body mass index or smoking status in the analysis. The second study recruited 12 095 participants with psoriasis receiving biologic therapies and nonbiologic systemic therapies (such as MTX, or ciclosporin). In this study, 96Á5%, 85Á6% and 85Á8% of patients in the infliximab, ustekinumab, and other biologic therapies groups, respectively, received at least one biologic therapy before study entry. Thus, the MACEs that occurred during the study period might not be solely related to their treatment group and a 'new user' study design would have been preferable to avoid this risk of bias. 66 In addition, a number of important cardiovascular risk factors such as diabetes mellitus, hypertension and dyslipidaemia were not adjusted for when assessing the association between MACEs and biologic therapies. An earlier retrospective cohort study involving 8845 patients with psoriasis examined the association between TNFi (etanercept, infliximab or adalimumab) and risk of MI. 67 The study reported that TNFi were associated with a significantly reduced risk of MI when compared with topical therapies but this association was not found when comparisons were made with oral systemic agents (ciclosporin, acitretin and MTX) or phototherapy. Comparing TNFi with topical therapies would not be an appropriate comparison because patients treated with topical therapies are at a much earlier stage in the treatment pathway, and those patients with psoriasis who are most likely to experience MI (including fatal events) may do so before being exposed to biologic therapies, which could bias results. 68 In conclusion, the existing evidence suggests that biologic therapies including TNFi, an anti-IL-12/23 agent (ustekiumab) and anti-IL-17A agents (secukinumab and ixekizumab) had no significant impact on the risk of MACEs in adult patients with plaque psoriasis over the short term. Moreover, nor did the different licensed dosages of ustekinumab and secukinumab impact on the risk of MACEs. However, these results should be interpreted with caution given the short duration of follow-up and the characteristics of patients participating in RCTs. Well-designed observational studies that involve larger numbers of patients and longer durations of treatment exposure reflecting routine clinical practice are required in order to better examine the impact of biologic therapies on the risk of MACEs in patients with psoriasis.
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